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THE  ROLE  OF  TEXTILE  MATERIAL  IN  CLOTHIN3  CN  THERM3RE3ULA7CRY 
RESPONSES  TO  INTERMITTENT  EXERCISE 


j  Ruth  NIELSEN1*  &  Thomas  L.ENCRUSICX2 

•  1  National  Institute  of  Occupational  Health 

4  S-171M  Solna,  Sweden 

!  2  U.S.Army  Research  Institute  of  Environmental  Medicine 

*  Natick,  MAQ1 760-5007 ,  USA 


;  The  physiological  effect  of  different  textile  imterlal  used  In 

the  underwear  of  an  ensemble  In  the  development  of  over  heating 
or  chilling  In  himans  during  Intermittent  exercise  In  a  cold 
environment  was  studied.  Underwear  prototypes  manufactured  from 
}  five  different  fiber  type  materials  were  tasted  as  a  part  of  a 

j  typical,  standardized  clothing  system  on  eight  male  subjects 

(T.-S^C,  Td0— 3.2^0  and  Vft-0.3  nrs**1).  The  test  consisted  of  a 
twice  repeated  procedure  of  40  min  cycie  exercise  (54%  of  VD^rax) 

*  fol  lowed  by  20  min  of  rest.  Differences  were  found  In  both  the 

*  amount  of  non-evsporated  and  evaporated  sweat  with  the  five 

J  different  underwear  oonf Iguratlons.  No  algnlf leant  difference 

|  could  be  detected  In  esophageal  temperature,  skin  temperatures, 

I  skin  wettedness,  and  onset  time  of  sweating,  it  Is  concluded  that 

*  the  textile  imterlal  used  in  underwear  In  a  normal  work  garment 

;  has  a  small,  but  Insignificant  influence  on  the  wet  heat 

dissipation  during  Intermittent  exercise  In  a  coo!  environment. 


if  1.  INTRODUCTION 

a 

s  working  conditions  have  In  many  areas  been  improved  para  I  lei  to  the 
'  technological  development  In  the  society.  However,  exposure  to  a  cool  or 

i  cold  work  environment  Is  atilt  a  dally  reality  for  many  Industrial  and 

!  outdoor  workers.  After-oxerclse-chl  1 1  Is  a  oerrmon  reason  for  thermal 


l  discomfort  In  these  environments  Cl.  2].  The  phenomena  Is  especially 
5  connected  to  dressed  people  performing  Intermittent  axerolse,  as  It  la 
|  related  to  the  interplay  between  the  physiological  reactions  of  the  hurnn 
«  body  and  the  clothing  system. 

9  Cannon  used  clothing  ensembles  for  cold  env.ronments  comprises  two  or 
l  more  clothing  layers:  underwear,  possibly  middle  layers,  and  an  outer 
{  clothing  layer.  Each  layer  has  its  own  thermal  function.  The  main  part  of 
7  the  skin  surface  Is  not  in  oontact  with  the  ambient  environment,  but  with 
l  the  micro  environment  under  the  clothing  and  the  underwear  Itself.  Thus, 
7  underwear  has  a  special  function  In  relation  to  the  sensation  of  the 
{  fabr Ic-to-skln  Interface  and  may  also  be  of  Importance  for  the  resulting 
K  micro  environment  over  the  skin.  Advertisements  for  thermal  underwear 
l  claims  benefits  of  different  textile  material  In  both  Insulating  power. 


*  The  experimental  part  of  this  work  was  done  while  R. Nielsen  held  e 
National  Research  Gounci  I-U3AR1EM  Research  Assoclateshlp. 
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vapor  transmission  and  wricking  ability  "(saving  only  dryness  and  warmth 
next  to  the  skin  even  while  you  a**e  perspiring  heavily  In  winter  or 
aurrmar".  Prom  this  It  seams  possible  that  a  proper  use  of  underwear  ooulci 
diminish  or  hinder  the  development  of  aftsr-exsrclse-chl  1 1 . 

The  thermal  resistance  of  an  undergarment  is  quite  ere  1 1  as  compared  to 
the  overall  resistance  of  a  total  garment.  In  the  literature  [3]  addition 
of  thermal  underwear  to  a  clothing  system  la  supposed  to  add  little  eottra 
warmth  or  protection  for  the  wearer,  and  In  terms  of  differences  In 
Intrinsic  thermal  resistance  these  differences  are  Inslgnlf leant  as  long 
as  the  fit  and  design  Is  kept  the  same  £4]. 

The  latent  heat  dissipation  frcm  the  skin  to  the  environment  takes  mainly 
place  as  diffusion  resulting  fron  a  difference  In  vapor  pressure  (6J. 

This  diffusion  Is  restricted  by  the  resistance  of  the  clothing  layera. 
water /sweat  can  also  be  transported  In  the  textile  flbera  themselves,  on 
the  surface  of  the  fibers  or  by  capillary  action  In  the  yarn.  The 
transport  of  water  by  capillary  action  la  negligible  In  natural  flberss 
however,  textiles  made  of  polypropylene  and  treated  polyester  fibers, 
that  do  not  take  up  water  in  the  textile  fibers,  have  a  considerable 
ability  to  transfer  water  by  cap  1 1  lary  action,  'n  natural  fibers  the 
water  transport  in  the  textile  fibers  themselves  is  most  Important.  There 
are  important  differences  In  the  water/eweat  absorbing  ability  of  textile 
fibers  [6],  Textile  fibers  will  absorb  and  desorb  watar  when  the  hunidlty 
around  thorn  changes,  and  reach  an  equi  l  Ibriun  with  their  environments, 
wool  Is  able  to  take  up  and  keep  eignlf  leant  I y  more  water/sweat  In  the 
fibers  than  any  other  textile  and  It  takes  thus  longer  time  before  the 
air  inthetaxtile  cavities  Is  exchanged  with  water  during  e.g.  sweat 
bursts.  Also  the  ab-/desorption  processes  means  that  an  exchange  of  heat 
energi  takes  place  between  fibers  and  air.  By  measurements  on  a  thermal  t/ 
manikin  release  of  20  Win'2  by  a  light  woolen  garment  when  changing  frcm 
a  fi*  to  a  70K  rh  environment  has  been  shewn  [4].  This  has  the  same  effect 
as  an  increase  of  0.9  elo  in  the  thermal  insulation  or  walking  into  a 
room  with  a  higher  air  temperature.  The  release  of  heat  was  consider¬ 
ably  less  when  the  same  ensemble  was  made  of  cotton/polyeeter  (11  W-m-2) , 
and  even  smaller  when  it  was  made  of  polyester  /polyamide  (7  W*nr2). 

Frcm  a  theoretical  point  of  view  the  difference  In  water  absorbing  and 
water  transporting  a£illty  of  textiles  such  as  wool,  cotton,  polyester 
and  polypropylene,  can  be  expected  to  produce  both  differences  In 
wettlng-tlme  of  underwear  and  other  clothing  layers,  and  differences  In  * 

energy  exchange  caused  by  condensation  and  evaporation  processes,  and 
thus  finally  contribute  to  the  degree  of  sweating  during  exercise,  the 
af ter-exerc l so-ch 1 1 1  and  cold  dlaocmfort  generally.  The  purpose  of  the 
present  study  was  on  persons  performing  Intermittent  exorcise  In  an 
environment  causing  both  periods  of  sweating  and  chilling,  to  Investigate 
If  underwear  manufactured  In  different  textile  material  resulted  In 
different  thermoregulatory  responses. 


2.  MATERIALS  AhD  METHOOS 
2.1.  Garment  Description 

Underwear  manufactured  In  a  i-by-i  rib  knit  from  6  different  fiber  type 
materials  (cotton  (M),  wool  (F2),  polypropylene  (F3),  and  polyester  with 
two  different  kinds  of  surface  treatment  (Capl  leno-F4  &  Thermax*F6) )  were 


evaluated.  Measurements  of  fabric  thickness  were  performad 
cloth  [73*  Fi-0.04  mm,  F2-O.07  rim, 

F3-0.84  mn.  F4-0.79  mm.  F6-0.69rm. 

Ail  five  underwear  prototypes  were  tested 
as  a  part  of  a  typical,  standard i zed 
clothing  system  on  human  subjects.  The 
clothing  system  comprised  the  two-place 
I ong-s l eev«d/ long-legged  underwear,  a 
Battle  Dress  Uniform  (BOU)  shirt  and 
trousers  (50*  cot  ton/ 50*  nylon),  woolen 
socks,  gym  shoes,  and  woolen  gloves 
(Figure  i).  Before  any  testing  was  done, 
all  clothing  systems  were  laundered  5 
times  without  soao  in  a  washing  machine 
and  drlp-dryed  in  between. 

.  2.  Subjects 


Eight  healthy  males  volunteered  for  the 
present  series  of  exper imerts.  They  had 
average  (±a.d.)  age  of  25  ±3.7  years, 
V  .ght  of  71  ±7.2  kg,  height  of  176  *  3.3 
or.,  OuSois  surface  area  (A^)  of  1 .85  * 
0.104  m2,  \02max  of  3.4B±0.637  I  02,mln“T 
and  percentage  body  fat  of  14  ±4.5*. 


samples  of 


Figure  1.  Clothing  system 


2.3.  Experimental  Protocol 


Conditions  were  chosen  so  as  to  mimic  real-life  situations  under  which 
sweating  and  after -«xerclse-chi  1 1  would  develop,  and  where  this  type  of 
clothing  would  be  worn.  Testing  occured  In  a  climatic  chamber  at  an  air 
temperature  (Ttt-T„)  of  6.2  ±0.31*43,  e  dew  point  temperature  (Td0)  of  -3.2 
±0.48^0  (-54  *  rhj.  and  an  air  velocity  of  0.32  nva”1. 


The  clothing  was  stored  In  the  antechamber  at  an  air  temperature  of  29^C 
and  20  *  relative  humidity  at  least  two  hours  before  the  experimental 
procedure  began,  and. the  dressing  of  the  subject  took  place  In  this 
cumber.  Each  subject  reported  to  the  laboratory  at  the  same  time  of  the 
G.y  for  all  experiments.  After  arrival  he  was  weighed  In  the  nude  end 
then  hooked  up  with  chest  electrodes  for  heart  rate,  thermocouples  for 
esophageal  and  skin  temperatures  (calf,  thigh,  chest,  lower  back,  upper 
back,  upper  arm,  forearm,  hand,  and  forehead).  Each  piece  of  clothing  was 
wMghed  on  a  balance  (Sauter,  model  K12),  •xit  on  the  subject  and  when  he 
w.  v  completely  hooked  up,  a  dressed  weight  was  recorded  i sauter,  model 
KR120).  Upon  entering  the  teat  environment  the  subject  were  hooked  up 
with  dew  point  sensors  [5]  on  the  akin  underneath  the  garment  (back, 
chest  and  thigh)  before  he  mounted  a  cycle  ergoncmeter  placed  on  a  Potter 
balance  (modal  23B).  Approximately  10  min  after  entering  the  tost  chamber 
the  subject  began  the  2-hour  test.  The  test  comprised  a  twice  repeated 
eye  I  us  of  40  min  cycle  exercise  (60  rpm;  2.0  ±0.40  kp)  followed  by  20  min 
of  rest.  Each  subject  always  worked  at  the  same  work  level,  that  had  been 
choosen  so  It  would  be  close  to  55*  of  his  V02-max.  Esophageal,  skin  and 
air  temperatures,  as  well  as  dew  point  temperatures  at  the  skin  and  In 
the  ambient  air  were  monitored  on  a  W»200  computer  every  minute  during 
the  test  end  stored  for  analysis.  Changes  in  body  weight  ware  sotplod 
from  the  Potter  be  fence  every  20  _ seconds  on  a  HP  £5  computer  and  HR  was 
i'eoorded  evsry  10  min.  foj  and  VOOj  wor®  msasursd  by  open  circuit 
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spirometry  using  an  automated  system  (Sensormsdlcs  Horizon  IAC)  the  last 
fi  min  of  the  first  exercise  and  rest  period,  respectively.  Two  minutes 
after  cessation  of  the  test  the  subject  left  the  test  chamber  and 
undressed  Irrmed lately  In  the  antechamber.  He  was  weighed  in  the  nude  and 
each  piece  of  clothing  was  weighed. 


3.  CALCULATIONS 

Metabolic  energy  production  (M)  was  calculated  from  the  measurements  of 
oxygen  consumption  (foj)  as 

M  <■  (0.23RQ+0.77) •faj'k'CO’AQy"'  (W-BT2) 

In  which  ff)  Is  the  respiratory  exchange  ratio,  fa?  Is  the  oxygen 
consumption  In  I  o?'mln_1,  and  k  la  the  energy  equivalent  of  oxygen 
(5.873  W*h* I  02*  min-1). 

Mean  akin  temperature  (T^)  was  calculated  as  an  area -weighted  average  of 
the  measurements  (modified  fr cm  [9])i 

^tk  ■  0 . oSTf^^+0. 07 ( Tf0r*arm+Tux»r  arm+Thead)*0-20Tcai f40, 1STthlgh 
+0’178(TChest4,(Tupoer  back+T lower  back^/2) 

Evaporative  heat  loss  from  the  skin  (Eg*)  over  the  total  experimental 
period  was  determined  fr  cm  the  oontlnuous  monitoring  of  weight  loss  on 
the  Potter  balance  corrected  for  weight  of  respiratory  water  loss  (Ere3) 
CIO].  No  dripping  took  place,  because  all  excessive  sweating  was  absorbed 
In  the  clothing.  Total  non~evaporated  sweat  loss  ($wna)  was  measured  as 
the  difference  between  clothing  weight  before  and  after  the  experiment. 
Total  sweat  loss  (Swtot)  was  calculated  as  the  sun  of  and  Sw^. 

Vapor  pressures  at  the  skin  surface  and  In  the  ambient  air  were 
determined  fr  cm  the  local  dew  point  temperature  recordings  using  the 
Antoine  equation. 

Local  skin  wettedness,  w,  on  back,  chest  and  thigh  was  calculated  as: 

w  -  1C0'(P^-Pa)/(Pi$k-Pa)  (%) 

• 

where  Psk  Is  the  veper  pressure  at  the  s*ln  surface,  P-^  Is  the 
saturated  vapor  pressure  at  the  local  skin  temperature  and  Pa  Is  ambient 
water  vapor  pressure. 

An  average  akin  wetted ness  for  thigh  and  torso  araa  was  estimated  using 
each  local  skin  surface  area's  fraction  of  the  total  body  surface  area: 

w  -  100’(0.175,wchest  ♦  0.175-Wjj^  ♦  O.IS’WjggJ/O.SA  (*) 

3.2.  Statistical  analysis 

Repeated-measures  analysis  of  variance  (ANOVA)  was  used  to  determine 
whether  the  factor  'textile  material'  had  any  significant  effect  on 
physiological  reactions  or  sweat  accumulation  In  the  clothing,  in  the 
event  that  ANDVA  revelled  significant  main  effect  Tukey' a  critical 
difference  was  calculated  and  used  to  locate  sign  If  leant  difference 
between  meant.  Data  are  presented  as  meana^s.d.  All  differences  reported 
are  significant  at  the  P«0.05  level.  A  paired  t-test  was  used  to  test  if 
there  was  any  difference  between  physiological  reaction  In  the  first  and 
seoond  teat  period. 


4.  RESULTS 


Work  intensity  (W)  was  at  average  64  ill. 6  W*m"2  during  the  40  minutes 
bicycle  periods.  Metabolic  energy  production  (M)  did  not  vary  between 
clothing  systems,  and  were  at  average  (r>*40)  344  ifii .2  W-m*2  during 
exercise  and  65  ill.6  W-m“2  during  it. 

Core  temperature  as  represented  by  was  not  Influenced  by  the  fiber 
material  of  the  underwear  worn  (Figure  2).  Tw  was  at  average  for  all 
tests  38.fi  iO.isHC  in  the  first  minute  of  exercise.  After  20  minutes  of 
exercise  a  steady-state  value  of  37.4  i0.18°C  was  reached.  During  the 
rest  period  Tes  decreased  quickly  to  reach  a  value  of  38.0  ^0.20^3  In  the 
last  minute.  The  course  of  Tes  over  the  second  exerclse/reat  period  was 
similar  to  the  course  over  the  first  period  and  similar  temperature 
•"-lues  were  measured  at  the  end  of  the  two  periods. 

Mean  skin  temperature  (T^)  did  not  vary  between  underwear  conditions 
(Figure  2).  The  average  values  (n»40)  at  the  beginning  of  the  exercise 
and  at  the  end  of  each  period  were  31.0  iO.ei,  30.9  *1.01,  29.1  i0.62. 

3  11.01  and  28.7  i0.63  ‘■t.  All  values  except  for  Ffi  during  exercise 
a.id  P2  at  rest  were  significantly  lower  at  the  end  of  the  second  period 
than  the  corresponding  values  in  the  first  period. 

Average  skin  wettedness  (w)  did  not  show  any  difference  between  underwear 
conditions  (Figure  2).  Average  values  (n*»40)  at  the  beginning  of  the 


mm 


exercise  and  at  the  end  of  each  period  were  7  16.2,  60  111.3.  41  113.1. 
62  110.6  and  45  114.4  x.  Wettedness  were  slightly  higher  In  the  second 
exercise  and  rest  period  compared  at  the  first  period. 

Onset  of  sweating  was  considered  to  take  place  when  the  dw  point  sensors 
at  the  skin  recorded  an  Increase  In  vapor  pressure,  and  It  began  S  12.74 
min  after  the  start  of  the  exercise.  No  difference  could  be  detected 
between  the  five  different  underwear  conditions;  neither  was  there  any 
significant  difference  In  the  time  to  onset  of  sweating  between  the  first 
and  second  exercise  period;  however,  for  F 2  a  strong  tendency  towards  an 
earlier  onset  In  the  second  exercise  period  was  found. 


figure  3.  Total  amount  of  sweat,  evaporated  sweat  and  non-evaporated 
;  jet  with  the  five  clothing  systems. 


Total*  sweat  loss  (Sw*ot)  was  significantly  lower  with  both  F4  and  Ffi 

r^erwear  compared  at  FI,  F2  and  F3  underwear  (Figure  3). 

^poratlon  of  sweat  (Esk)  totalled  over  the  test  period  was  hlghar  with 
F3  compared  at  FI,  F4  and  F5,  and  higher  with  F2  than  with  F6. 

Total  non-evaporated  sweat  loss  (Sw^):  The  underwear  matarlal  had  a 
siQnlf leant  effect  on  the  amount  of  sweat  absorbed  In  the  clothing 
ensemble  worn  (Figure  3).  More  sweat  was  absorbed  when  either  FI  or  F2 
underwear  were  worn  compared  at  F3,  F4  or  Ffi  underwear  (FI  >F3,  F4,  Ffi; 

F2  >F3.  F4,  Ffi).  Considering  the  underwear  alone,  both  FI  and  F2 

underwear  contained  more  sweat  than  all  three  types  of  man-made  fiber 
underwear  (FI >F3,F4, Ffi;  F2  >F3,F4,F5).  There  was  no  difference  between 
the  amount  of  sweat  absorbed  In  F3,  F4  and  Ffi  underwear;  neither  was 
there  any  difference  between  the  amount  of  sweat  absorbed  In  FI  and  F2 
underwear ,  respectively.  There  was  no  difference,  and  thus  no  underwear 
effect.  In  the  amount  of  sweat  found  In  the  BOU* Jacket  and  the 
BOU-trousers  showed  only  a  difference  between  F2  and  F4  conditions 
(F2>F4).  Socks,  shoes  and  gloves  contained  after  al I  experiments  very 
little  moisture  (3,  6  and  6  g,  respectively). 


6.  DISCUSS  I  ON  i 


Different  fiber  type  material  in  tha  underwear  of  a  clothing  system  has 
an  affect  on  ttiermoreguiatory  responses  during  Intermittent  exercise  In  a 
cold  environment,  in  the  present  study  differences  In  sweat  loss,  evapor¬ 
ation  of  sweat  and  amount  of  non-evaporated  sweat  absorbed  in  the  under¬ 
wear  were  found.  No  differences  were  detected  In  chilling  at  rest,  but 
with  a  longer  rest  period  differences  may  develop. 

It  was  chooser  to  use  Intermittent  exercise  rather  than  one  exercise 
period  followed  by  a  period  of  rest.  It  was  expected,  and  confirmed,  that 
a  dampening  or  wetting  of  the  clothing  system  occurod  over  the  course  of 
the  first  period  and  this  changed  the  course  of  the  therroophysloioglcal 
responses  in  the  next  period.  Initially  decreased  sllghtiyi  however, 
after  onset  of  sweating  It  increased  due  to  Insufficient  evaporation  of 
sweat  as  shown  by  the  Increase  in  skin  wettedness.  In  the  rest  period 
decreased  significantly  and  was  at  the  onset  of  the  second  exercise 
period  2%  lower  than  at  the  start  of  the  test.  Increased  during  the 
second  exercise  period  end  reached  a  steady  state  0.5%  lower  than  the 
steady  state  level  In  the  first  exercise  period.  As  other  variables  were 
constant  this  can  be  related  to  the  dampening  of  the  clothing  ayatsm 
causing  a  lowering  of  the  Insulation  value  of  the  clothing  system.  This 
Is  supported  by  a  simi lar  lowering  of  In  the  second  rest  period  and  a 
slightly  increased  skin  wettedness  In  the  second  period.  During  the  first 
rest  period  skin  wettedness  showed  that  a  drying  out  of  the  clothing  took 
place,  but  after  20  minutes  of  rest  the  microenvironment  was  still  humid 
(w-4i%) .  Except  In  more  extreme  environments,  the  course  of  TM  Is 
determined  by  the  work  level  [11]  and  eo  In  this  study.  The  clothing  only 
Influences  the  thermophysio  log  leal  responses  at  the  body  surface. 

No  differences  were  found  In  skin  wettedness  and  due  to  different 
fiber  type  material  of  the  underwear  Indicating  that  the  humidity  condi¬ 
tions  In  the  microenvironment  between  akin  end  underwear  were  elm  I lar . 
Therefore,  the  observed  differences  In  wet  heat  exchange  must  be  caused 
by  differences  In  the  thermal  processes  taking  plaoe  within  the  clothing 
syston.  The  amount  of  sweet  absorbed  in  the  wool  and  the  cotton  underwear 
was  as  predicted  from  textile  character  (sties  larger  than  the  amount 
absorbed  In  the  man-made  textiles.  These  were  ail  made  of  hydrophl I lc 
fibers,  where  the  surface  was  made  hydrophobic  by  a  chemical  treatment. 
The  differences  In  total  sweat  production  are  for  oertaln  parts  difficult 
to  explain.  Possible  mechanisms  are  hypothesized  below  using  sweat 
production  with  FA  and  F6  as  references. 

Absorption  of  sweat  In  wool  (F2)  over  the  skin  surface  results  In  an 
Inocmplete  evaporation  and  cooling  of  the  skin,  plus  llberatlonof 
sorption  heat  at  vhe  skin.  Both  tend  to  Increase  The  absorbed  sweat 

is  tranaoorted  In  the  wool  fibers  further  Into  the  clothing  where  It 
evaporates  and  decreases  the  temperature  between  the  clothing  layers. 
This  creates  a  steeper  temperature  gradient  over  the  underwear  and  a 
greater  *ry  heat  flow.  The  tendency  to  Increase  may  Increase  sweat 
production,  and  be  the  cause  of  the  greater  sweat  production  observed. 

The  Increased  sweat  production  with  polypropylene  underwear  (F3)  Is  found 
as  Increased  evaporation.  This  may  be  explained  by  that  sweat  are  wicked 
through  the  underwear,  and  evaporated  further  Into  the  clothing.  The 
Incomplete  evaporation  at  the  skin  would  like  with  wool  tend  to  Increase 
resulting  In  a  higher  sweat  production.  However,  a  similar  respons 


could  be  expected  for  F4  end  F6  bated  on  the  Information  provided  by  the 
manufacturer .  That  the  difference  between  polypropylene  and  the  treated 
polyester  fibers  could  be  related  to  the  slight  difference  In  cloth 
thickness  was  considered,  but  as  the  difference  between  F3  and  F4  are 
small,  this  causa  Is  not  likely. 


0.  CChCLUS  I  CMS 

In  conclusion,  different  textile  material  In  the  underwear  of  a  clothing 
system  has  an  effect  on  thermoregulatory  responses  during  Intermittent 
exercise  In  a  cold  environment.  However,  thermal  underwear  does  not  keep 
Its  wearer  completely  dry  as  often  claimed.  In  periods  where  sweating 
occur  skin  wettedness  increases  to  similar  levels  Independent  of  material 
of  the  underwear,  and  at  rest  mean  skin  temperature  and  akin  wettedness 
decreases  to  the  same  values.  However,  the  textile  material  of  the 
underwear  making  the  contact  to  the  akin  absorbs  and  oontalns  less  sweat 
when  man-made  hyd»-ophl  I  Ic  fibers  ara  used. 


ACKNCWLEDOEMEhTT 

The  authors  express  their  appreciation  to  the  volunteers  whose  partici¬ 
pation  made  this  study  possible,  and  to  L.Stroscheln,  T. Guerra,  R.Ostar, 
G.  Newcomb,  j. Bogart,  L. Levine,  G. Sexton  and  C. Level l  for  their  help. 

The  views,  opinions  and/or  findings  In  this  report  are  thoee  of  the 
authors  and  should  not  be  construed  as  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  official 
documentation. 


REFERENCES: 

[1]  Nielsen, R.,  Clothing  and  thermal  environments.  Appl .Ergonomics  17 
(1980)  47-07. 

[2]  Pugh.L.G.C.,  Clothing  Insulation  and  aocldentlal  hypothermia  in 
youth.  Nature  5?p9  (I960)  1281-1280. 

[3]  Fonseca, G. F. ,  Heat  transfer  properties  of  ten  underwear-outerwear 
ensembles.  Textile  Res.J.  40  (1970)  603-658. 

[43  Olesen.B.W.,  and  Nielsen.R.,  Thermal  Insulation  of  clothing  measured 
bn  a  movable  thermal  manikin  and  on  human  subjects.  Technical  report 
7200/00/914  (Technical  University  of  Denmark.  19C3). 

[53  Mecheels.J.,  Kleldung  aus  chemiefasern  fUr  heisse  kl Imobedlngungen. 
Textl l-lndustrle  72  (1970)  069-08. 

[0)  NewburQh.L.H. ,  Physiology  of  heat  regulation  (Saunders, 
Philadelphia,  1949). 

[7]  AS7M:  D 1774 -04 .  standard  test  method  for  measuring  thickness  of 
textl le  materials. 

[8]  Gralchen.H.,  Rascatl.R.,  and  Gonzalez, R. R. ,  Automatic  dewpoint 
temperature  sensor.  J.Appi .Physiol .  52  (1982)  1668-00. 

[93  Gagge.A.P.,  and  Nlahl.Y.,  Heat  exchange  between  human  akin  surfaoe 
and  thermal  environment  (In:  "Handbook  of  Physiology"  edited  by  Lee, 
D.H.K..  Bethesda,  M.  1977,  chapter  9). 

[103  Fanger.p.o.,  Thermal  Ccmfort  (MbGraw-HI  1 1 ,  Inc. ,  New  York,  1970). 

£113  Nielsen,  M.,  Ola  regulation  der  KOrpertemperatur  be  I  Muskelarbelt. 
Skand.  Arch. Physiol .  79  (1930)  193-230. 


